INTRODUCTION
The human sternum is the flat bone of the anterior thoracic wall, adjacent to pleura, pericardium and the great vessels of thoracic cavity. Embriologically, sternum is composed of the two mesenchymal bars that are merged in the median line to form a pre-cartilage sternal lamina, divided into three parts: manubrium, corpus sterni and xiphoid processus.
Any deviation from this process may form various sternal defects, including clefts, fissures and sternal foramina 1, 2 .
Prevalence of these sternal defects may differ in various countries and is generally believed to vary between 2 and 8 % in general population 3 , although it is reported to be as high as 13.8% 4 . The most frequent form is single sternal foramen, usually located at the distal half of the sternal body, at the level of the fourth or fifth intercostal space 2, 5 .
Clinical importance of these defects arises from sternal punctures, acupuncture treatment and close location of heart, lungs and other vital organs of the chest cavity 6 . The most serious complications are heart tamponade 7 and puncture of the ascending aorta 8 .
The current study is undertaken in order to ascertain the frequency, morphometric characteristics of sternal body foramen and its distance from the adjacent organs of thoracic cavity, analyzing the MDCT (multi-detector computed tomography) images in population of central Serbia.
METHODS
The study was designed as a retrospective descriptive non-randomized observational study, that used data from MDCT patients' chest images, archived in the hospital information system for data archiving (PACS). The patients were examined in the 
RESULTS
The solitary foramen, located in the distal segment of sternal body, was detected in 24 patients, representing 5.9% of observed population ( Figure 1 ). The presence of sternal foramen showed tendency of increasing with age. The average age in the group with detected foramen was 63.5 ± 7.5 years (63 ± 8.8 in males and 64.3 ± 5.5 in females). This developmental variant of sternum was usually oval-shaped and its transverse diameter varied in range from 1.7 to 10.6 mm. The mean width was 3.9 ± 1.9 mm, while the mean vertical diameter of observed sternal foramen was 4.2 ± 1.7 mm and ranged from 2.5 to 8.4
mm. The sternal foramen was found in 14 males, representing 6.3% of male or 3.3% of all study participants. In females, this sternal variant was found in 10 of them, which was 5% of our female participants or 2.4% of whole study group. The males represented 58.3% and females 41.7% of the participants with midline sternal foramen. The diameters of detected sternal foramen in males and females are given in Table 1 .
The mean distance from the skin was 12.7 ± 3.3 mm (12.9 ± 3.4 in males and 12.5 ±
in females)
. The distance from skin to pericardium was on average 37.3 ± 8.2 mm in the whole observed population, with mean of 38.9 ± 8.9 mm in males (ranged from 25.1 to 58.3 mm) and 35.1 ± 7 mm (ranged from 22.6 -44.8 mm) in females. In 6 males and 5
females pleura was adjacent to sternal foramen and the mean value of the distance from skin to pleura in males was 25.7 ± 6 mm and 24.2 ± 6.4 mm in females. The average value for both gender was 25 ± 5.9 mm.
The average depth of foramen was 8.7 ± 2 mm, with mean value of 8.5 ± 2.1 mm in males and 8.9 ± 1.9 mm in females. The mean distance from the posterior surface of foramen to pericardium was 12.7 ± 9.1 mm with statistically significant gender difference, as well as the distance from the skin to pericardium (Table 1) .
DISCUSSION
Importance of better knowledge of anatomical variations has been pointing out among the anatomist and clinicians during the last decades. These structural fluctuations are often combined and ethnic different 6, 9, 10 . The good knowledge of human morphology is necessary for the proper interpretations of radiological images, diagnosis as well as planning of medical interventions. Also, it is important for the proper conclusions in pathology and forensic medicine 11 .
The fluctuations of the morphology of the anterior thoracic wall are not rare and are always interesting as potential clinical problems. They include the variations of sternum and the ribs, as well as the joints of the thoracic wall, which are caused by the aberrant development 9, 11 .
During the embryological development, the body of sternum is consisted of four segments (sternebrae) in the form of two cartilaginous sternal bars, which migrate to the midline to be fused in cranio-caudal direction 2, 12 . The failure in fusing of sternal bars or latter ossification process results in defects such as foramina of the sternal body, manubrium or xiphoid processus, sternal clefts or the combinations of these 3, 6, 13 . The sternal variations and aberrant morphology may have clinical implications regarding normal functions of internal organs. They also may be associated with hart and lung abnormalities 14 . The solitary perforations of the stenal body are common along the midline and are known as sternal midline foramina 15 .
Several earlier studies of different ethnic populations were focused on the prevalence and morphometry of sternal midline foramina (Table 2 ). Similar to our results are those from the CT study conducted in Austria, with diameter of sternal body foramen ranged from 3 to 12 mm 16 .
The prevalence of commonly single, round to oval sternal body foramen, with diameter range from 3-10 mm, was slightly higher in large cadaveric study conducted in USA. In this study, this anatomic malformation was less frequent in the participants of white race (5.76%) and hispanic population (5.84%) and with higher prevalence among the AfroAmerican population (9.01%). As expected, the most of these sternal variants are found in elder population group. The multiple sternal foramina were also described, as well as the elongated ones 17 .
The sternal body foramen was found on CT scans in German population 6 with lower prevalence in comparison to our study, while its mean width was similar (3.3 mm in German population versus 3.9 mm in Serbian population). It was emphasized that the practitioners may be aware of serious complications that may occur due to presence of sternal foramina and that the knowledge of distance from the skin to pericardium may be helpful for safe needle insertion, with conclusion that sternal puncture with needle inserted up to 2.5 cm is not life-threatening 6 . The average skin-pericardium distance that we found was greater than this, but the minimal one was 22.5 mm. The pericardium was adjacent to foramen in 2 cases of our study (8.3%), while the lungs were adjacent in 45.8% cases (versus 53.3% in German study 6 ) with skin-pleura distance ranged from 19.6 mm to 35.7 mm. The mediastinal fat adjacent to sternal foramen was observed in 15 patients whose CT images we analyzed (62.5%), that is higher than in German population (33.33%) 6 .
The slightly lower prevalence of midline sternal foramen was found in Greek cadaveric study, while the diameters were similar to those that we observed. In their study sample, the number of sternal foramina was from one to five. The foramen of the the sternal body always was single, while the multiple foramina were detected on xiphoid processus 18 .
However, the same authors in their earlier case report, described sternal body foramen in combination with the foramen of xiphoid processus 19 . We did not found similar case in our study.
The CT study conducted in Turkish population found the sternal midline foramen in both gender, with prevalence similar to one found in our population. Their study also included prepared sternal bones sample and the midline sternal foramen was found only in prevalence of midline body foramen was lower. Among the other variants and defects of sternum, foramen with common localization in the distal half of the sternal body, had mean diameter of 6.5 mm (ranged from 2 to 16 mm), that was higher than in other studies. In one case, it was assocciated with sternal cleft in its continuation, while 73% of participants with sternal body foramen had sclerotic band superior or inferior in its continuation 3 . A case of similar keywhole-shaped defect of sternum, as foramen of the most distal part of sternal body with continuation in the form of xiphoid cleft, was described in study of Saccheri et al. 21 .
The analysis of cadaveric and dry sternal bones in Brazilians estimated the presence of sternal midline foramen with the highest prevalence in comparison to other studies, with the most common localization in the level of fourth costal notch of sternum. These foramina were solitary and round to oval in shape, as ones found in our study. The mean longitudinal and transverse diameter was also higher than we described 22 . Another study included MDCT images of Brazilian patients of both gender and the sternal foramen was also found with high prevalence, slightly more often in females. The distribution among the gender groups was similar to our study, while the mean distance and the range of distance from skin to pericardium was equal 23 .
The study conducted in Indian population included sternal samples of both gender, collected and analyzed postmortem, and revealed the high prevalence of midline sternal foramen. It was higher in males than in females, with tendency of increasing with age, which was also observed in our study, probably because of the increased muscle markings in elders 24 . The higher prevalence of the sternal body foramen with the common localization in the 5 th intercostal segment was also found in Kenyan population 4 .
The percent of sternal body foramen that we found is higher in comparison with one found in Spanish forensic study that described those foramina as solitary, size-variable, round to oval, located in the distal part of sternal body that is similar to our findings 11 .
Contrary to our observation, all of cases with sternal foramen were male. The lower prevalence was also found in the CT study conducted in Japanese population, in which the mean diameter of 5.3 mm 25 .
Several case reports described occurrence of sternal midline foramen. Bermio et al. 50 mm large foramen of the distal half of sternal body, found during autopsy, was also described by Jakhar et al. 26 . Another single large sternal foramen, with dimensions of 11.4 x 20.8 mm was described in case report from India 27 .
These variations are usually asymptomatic and observed during the radiological and forensic examinations or autopsy 19, 23 . However, they may be a serious risk factor for the severe complications that may occur during the sternal biopsy or acupuncture, considering the fact that the pleura, pericardium or great vessels are adjacent to the sternum 6, 23 . The bone marrow aspiration, that is often perform on sternum, may be complicated by unwanted needle penetration through the sternal foramen leading to pneumothorax, cardiac tamponade, or hemorrhage due to laceration of aorta 4-6, 21, 28-30 . According to some studies, pneumothorax and cardiac tamponade could be result of the 80% cases of needle insertion through the sternal foramen 6, 18 . Although rare, the infections of internal organ, has been also reported as the complications of acupuncture, in the presence of sternal foramina 23 .
Regarding that, the biopsy of iliac crest, in order to perform a bone marrow aspiration, when possible, is considered to be safer. The clinicians must be aware of these unwanted possibilities, their asymptomatic character and difficult visibility on radiographs, as well as the fact that these foramina are not palpable. Considering all above, preventive ultrasound or CT images are recommended before sternal biopsy or acupuncture procedures 6, 16, 32 .
Also, these procedures should be performed in the proximal part of sternum, because common localization of the sternal foramina in the distal half of the sternal body 3 .
Awareness of the possibility of sternal variations is also important for the proper conclusions in forensic medicine or pathology, because these perforations could incorrectly be considered as gun wounds and injuries caused before death or the osteolytic lesion 20, 32 .
CONSCLUSION
The results presented in this paper confirmed the prevalence of 5.9% regarding the midline sternal foramen in observed population, what is in accordance to the findings of the most of similar studies conducted in another ethnic groups. The similarity is the most pronounced with those conducted in Caucasian race, as expected. The existence of anatomical sternal variations, usually asymptomatic, and its vicinity to the vital organs must not be ignored and the practitioners must be aware of this possibility, as well as forensics. Considering that, preceding MDCT imaging could prevent serious complications of sternal puncture. Online First May, 2017.
